Background: With the proportion of older adults in Hong Kong projected to double in size in the next 30 years, it is important to develop measures for detecting individuals in the earliest stage of Alzheimer's disease (AD, 0.5 in Clinical Dementia Rating, CDR). We tested the utility of a non-verbal prospective memory task (PM, ability to remember what one has to do when a specific event occurs in the future) as an early marker for AD in Hong Kong Chinese.
Introduction
Given the high prevalence of dementia worldwide and that there is currently no therapeutic intervention that can reverse the course of most dementias (e.g., Jalbert et al., 2008) , there has been considerable interest in developing measures that discriminate healthy aging from individuals who are in the earliest stage of Alzheimer's disease (AD), as defined by 0.5 in Clinical Dementia Rating (CDR, e.g., Morris et al., 1997; Lam et al., 2008) . The purpose of the current study was to test whether a nonverbal event-based prospective memory (PM) task (Burgess et al., 2001) could discriminate individuals who are in the earliest stage of AD from healthy older adults in Hong Kong Chinese population.
Many cognitive tasks tap older adults' memory abilities but focus almost exclusively on their retrospective memory, e.g., studying a list of unrelated words and then recalling them (e.g., Lam et al., 2005; Albert et al., 2007) . In contrast, PM, the ability to remember what one has to do in the future, has received much less attention in Hong Kong, despite its clear connection with older adults' daily-life activities. At the beginning of a PM task, participants are told to spontaneously perform an intended action (PM instruction) when a specific event occurs (event-based PM) or at a specific time (time-based PM), while doing a concurrent attention-demanding task. This task design is analogous to daily-life situations, for example, remembering to take medicine before sleep (event-based PM) or after every four hours (time-based PM). PM performance can be affected by a retrospective component (encoding, storage, and retrieval of the intended action and the target event/time) and a prospective component (ability to initiate the intended action at the right moment without being given any explicit prompt to recall) (McDaniel and Einstein, 2007 ). In the current study, we controlled for the retrospective component (by including only participants who could recall the PM instruction at the end of the task) and investigated the effect of AD on the prospective component.
Previous studies reported that older adults with AD often demonstrated PM failures in daily-life activities, which pose a great challenge for their caretakers (Camp et al., 1996) . Healthy older adults with genetic risk factor for AD (apolipoprotein E allele) showed poorer event-based PM performance than those without this factor (e.g., Duchek et al., 2006) . PM performance is also a good discriminator between CDR 0 (healthy older adults) and CDR 0.5 individuals (older adults in the earliest stage of AD) (e.g., Duchek et al., 2006; McDaniel et al., 2011 , see also similar results for individuals with mild cognitive impairment (MCI) in, e.g., Troyer and Murphy, 2007; Karantzoulis et al., 2009; Costa et al., 2010) and between CDR 0 and CDR 1 individuals (older adults with mild AD) Damasceno, 2008, 2012) . In Hong Kong, to our knowledge only one published study (Gao et al., 2013) examined the effect of AD on eventbased PM performance, although it focused on the effect of mild AD, but not early-stage AD. They found that mild AD individuals showed lower PM performance than healthy controls and the interference produced by holding a PM instruction on concurrent task performance was larger for mild AD individuals than for healthy controls.
It is important to note that older adults in Hong Kong received much less education than those in Western population. For example, about 80% of older adults finish their high-school education in the United States (U.S. Department of Health and Human Services, 2011), whereas in Hong Kong the estimate is only 31% (Hong Kong Census and Statistics Department, 2011) . Previous studies reported that some items in psychometric tasks have differential discriminative powers of CDR 0.5 versus 0 groups for individuals who have high versus low education levels (e.g., Chang et al., 2014) . Hence, it is important to determine if a PM measure could discriminate the earliest detectable stage of AD (CDR 0.5), compared to healthy older adults in a less well-educated Hong Kong Chinese population. We also examined whether the PM measures would still discriminate the performance between CDR 0.5 versus 0 individuals after taking into account their general cognitive functioning, as reflected by standard psychometric measures. Furthermore, we included a group of CDR 1 participants to test whether the results of Gao et al. that mild AD individuals showed worse PM performance than healthy older adults could be conceptually replicated in another PM paradigm.
The time-based PM tasks are more difficult than event-based PM tasks for older adults, who often have difficulty monitoring time continuously. In order to avoid floor effects (which would decrease sensitivity), we adopted an event-based PM task from Burgess et al. (2001) in the current study. As shown in Appendix A (available as supplementary material attached to the electronic version of this paper at www.journals.cambridge.org/jid_IPG), on a non-PM trial, participants responded to a highlighted arrow by pressing left or right key. On some infrequent trials (PM trials-the specific event that demands a different response-in this case, the two color bars are in the same color), participants pressed an alternative key, instead of judging the arrow direction. Because the task does not involve verbal materials, it is suitable for our participants whose education levels are generally low.
To recapitulate, we investigated the utility of a nonverbal prospective memory measure as an early marker for Alzheimer's disease in a community sample of Hong Kong participants. We focused on PM trials as they should reflect the extent to which participants remembered to perform a certain action in response to the occurrence of a specific event. Two hypotheses were tested. First, individuals who were in the earliest stage of AD (CDR 0.5) would respond more slowly and less accurately to the PM trials than healthy older adults (CDR 0), and participants who received a CDR of 1 would produce even worse performance than CDR 0.5 participants. Second, PM-trial measures would be able to discriminate the CDR 0.5 versus 0 participants after taking into account the standardized measures of general cognitive functioning, as reflected by their psychometric performance.
Methods

Participants
A total of 125 CDR 0, 125 CDR 0.5, and 30 CDR 1 Hong Kong community-dwelling older adults aged 60 or above participated in this study (see Table 1 ). A progression to CDR 1 indicates conversion to mild AD and CDR 0.5 participants The level of global cognitive impairment was assessed by CDR (Morris et al., 1997) based on a semi-structured clinical interview by trained and certified CDR raters. They assessed participants and obtained collateral information from their informants (e.g., spouses) on the current status of their functional abilities on memory, orientation, personal care, community affairs, judgment/problem solving, and home/hobbies, without considering their status in previous interviews or psychometric performance. The CDR has been shown to be highly predictive of pathology consistent with AD based on autopsy (e.g., Storandt et al., 2006; Storandt, 2008) . The reliability and validity of the CDR in identifying significant early cognitive deficit in older adults have been well-documented in Hong Kong population (e.g., Lam et al., 2008 Lam et al., , 2010 . As indicated in Table 2 , significant differences between CDR 0 and CDR 0.5 participants' performance in various psychometric measures also showed that CDR could discriminate participants with different dementia severity. Diagnosis of clinical AD followed the Diagnostic and Statistical Manual for Mental Disorder -IV edition (DSM-IV TR).
Participants' psychometric data were adapted from the aforementioned prospective study (see Table 2 ). We made use of these data in the current study because we wanted to test whether the new PM measure would still discriminate CDR 0.5 participants from CDR 0 participants after controlling for their performance in these psychometric tasks. This analytic strategy was similar to those used in previous studies (e.g., Aschenbrenner et al., in press; Duchek et al., 2009; Tse et al., 2010a) . To insure that the psychometric measures reflect current cognitive functioning of our participants, we used the psychometric data that were collected as closely to the time when they performed the PM testing as possible. The mean signed interval between the time of psychometric testing (first) and PM testing (second) sessions (i.e., session lag) was 53.40 days (SD = 108.96). Given that only 12 (40%) CDR 1 participants had their recent psychometric data available and there was a large imbalance in the sample size of this group with the other two (12 vs. ß100), we focus on the more important comparison of the CDR 0 and 0.5 participants. Participants were screened for depression, untreated hypertension, reversible dementia, and other disorders that could potentially produce cognitive impairment. Research assistants checked to make sure that they did not have colorblindness.
Design and procedures
The PM task was closely adapted from Burgess et al. (2001) and conducted via an E-Prime program. It was participant-paced: stimuli would stay on the screen until the participant responded. From trial to trial (see Appendix A available as supplementary material attached to the electronic version of this paper at www.journals.cambridge. org/jid_IPG), either the left or right arrow appeared randomly in dark grey and the color of the top and Table 2 . CDR 0 and CDR 0.5 participants' psychometric performance and their partial correlation with measures in PM trials two-tailed) . N = number of participants who have available psychometric data; M = mean; SD = standard deviation. The F and η 2 p statistics of the significance test for a difference between the CDR 0 and 0.5 groups in each of the psychometric measures (after partialling out their age and education level) were presented in the "Comparison" column. The session lag (i.e., the signed interval between psychometric testing session and PM testing session), participants' age and education level were partialed out in the partial correlation analyses. Because (a) participants' scores were all zero in ADAS-Cog word finding difficulty, (b) only one CDR 0.5 participant scored 1 (with all other participants scored 0) in the ADAS-Cog spoken language errors, (c) only one CDR 0 and one CDR 0.5 participants scored 1 (with all other participants scored 0) in the ADAS-Cog language disability, no statistical test was performed for these three variables in the following analyses. bottom bars randomly appeared in different color (red, blue, yellow or green).
Participants were positioned with forefinger, middle finger, and ring finger of their right hand resting on the 3 horizontally arranged keys. They were asked to press with their forefinger if the arrow appeared on the left and with their ring finger if it appeared on the right (i.e., the non-PM trials).
When the top and bottom bars were in the same color (i.e., the PM trials), they needed to respond with their middle finger instead. Prior to the task, the research assistant read aloud the instructions to the participants and asked them to repeat back the instructions to ensure that they fully understood the task. They were told it is important to keep this PM instruction in mind because they would be required to repeat that later. At the beginning of the task, 10 practice trials were given to familiarize the participants with the task setting, but there was no PM trial to interfere with the novelty of the trials. One hundred and twenty trials were then presented with 24 PM trials being randomly distributed in the sequence. There were 4 selfpaced breaks (i.e., every 30 trials). Both accuracy and RT for PM and non-PM trials were recorded. Participants were not reminded to respond with their middle finger if they forgot to do so in any PM trials. At the end, participants were asked to recall the task instruction in a retrospective memory report (including PM trials, e.g., Costa et al., 2010; Zhou et al., 2012) . The task took about 10-15 minutes to complete.
Data analyses
The significance level was set at p < 0.05, twotailed. Given the significant differences in age and education level among the three CDR groups (see Table 1 ), we partialed out these variables in all of the following analyses, via analyses of covariance. Thirteen (10%) CDR 0, 15 (12%) CDR 0.5, and 14 (47%) CDR 1 participants failed to recall the task instruction in the retrospective memory report. Their data were excluded to ensure that participants' PM performance in the following analyses reflected the prospective component of their PM. We conducted three sets of analyses. First, to investigate the overall PM performance for the three CDR groups, we separately submitted participants' median RT for correct responses and mean proportion correct measures to a 3 (CDR: 0, 0.5, or 1) × 2 (Trial Type: PM or non-PM) mixed-factor ANCOVA. Second, we conducted correlation analyses to investigate the relationship between participants' performance in the PM task and in typical psychometric tasks. Third, we conducted logistic regression analyses to test whether the performance in the PM trials would discriminate CDR 0.5 versus 0 participants even after taking their psychometric performance into account in the regression analyses. Only the measures that significantly discriminated the two groups of participants, as shown in the ANCOVA, were examined in the regression analyses. As more than half of CDR 1 participants did not have their recent psychometric data available, we focus on the CDR 0 versus 0.5 comparisons in these analyses. Although we used the psychometric data that were collected as closely to the time when participants' performed the PM testing as possible, we still controlled for the lag between the time they did the psychometric tasks and the time they did the PM task by entering the signed interval between psychometric testing (first) and PM testing (second) sessions (session lag) in the first step of all regression analyses. We also controlled for participants' age and education level by entering these variables in this step. = 3.53, MSE = 0.01, η 2 p = 0.03). Overall, in PM trials that are of our most interest, the proportion correct significantly decreased, whereas the RT significantly increased, as a function of AD severity, suggesting that the prospective components of PM performance were significantly affected by AD even in the earliest detectable stage. Table 2 presents the partial correlation between psychometric performance and the measures in Table 3 . Logistic regression analyses of proprtion correct in PM trials on predicting CDR status (0 vs. 0.5) Note. * p < 0.05 (two-tailed). Following the procedures of previous studies (e.g., Tse et al., 2010a) , the psychometric measures entered in these models were first standardized using the mean performance of CDR 0 participants. Participants' age, education level, and session lag (i.e., the signed interval between psychometric testing session and PM testing session) were entered in the first step. Each of the psychometric measures was entered in the second step, prior to the entry of the PM measure in the third step. The predicted variable was the CDR status (0 vs. 0.5). The χ 2 column indicates the χ 2 statistics for the specific step of the regression model and the odds ratio column indicates the odds ratio for the proportion correct in PM trials as a predictor variable in the third step of the model. Nagelkerke's R 2 indicates the effect size.
Results
Overall
Predictive utility of PM measures in discriminating individuals in the earliest detectable stage of AD from healthy older adults
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the PM task, after controlling for session lag, participants' age, and education level. As shown, PM measures were weakly associated with episodic memory and attentional control measures (e.g., ADAS-Cog word recall errors and verbal fluency intrusion errors). This pattern suggests that the constructs measured in the PM trials are not highly overlapping with the other psychometric measures. Tables 3 and 4 summarize the findings of logistic regression analyses. When considered alone, the performance in the PM trials significantly discriminated CDR 0 versus 0.5 participants. After controlling for the variance explained by the psychometric measures, performance in the Table 4 . Logistic regression analyses of RT of correct responses in PM trials on predicting CDR status (0 vs. 0.5) Note. * p < 0.05 (two-tailed). Following the procedures of previous studies (e.g., Tse et al., 2010a) , the psychometric measures entered in these models were first standardized using the mean performance of CDR 0 participants. Participants' age, education level, and session lag (i.e., the signed interval between psychometric testing session and PM testing session) were entered in the first step. Each of the psychometric measures was entered in the second step, prior to the entry of the PM measure in the third step. The predicted variable was the CDR status (0 vs. 0.5). The χ 2 column indicates the χ 2 statistics for the specific step of the regression model and the odds ratio column indicates the odds ratio for the RT of correct responses in PM trials as a predictor variable in the third step of the model. Nagelkerke's R 2 indicates the effect size. Some participants had missing cells in median RT of correct responses in PM trials, so the statistics in the second step were not the same as those in Table 3. PM trials (in particular proportion correct) still significantly predicted the CDR status in most cases, except the episodic memory measures (e.g., ADAS-Cog delayed recall). These were in line with those obtained in the correlation analyses that the constructs measured by the PM trials did not completely overlap with the psychometric measures.
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Discussion
The goal of the current study was to test whether measures in the PM task could discriminate the earliest detectable stage of AD (CDR 0.5) from healthy older adults (CDR 0) in Hong Kong Chinese population. We also tested the discriminative power of these measures after taking into account participants' psychometric measures. The current findings generally confirmed our hypotheses. Relative to CDR 0 participants, CDR 0.5 participants showed slower correct-response RT and more errors in both PM and non-PM trials. Relative to CDR 0.5 participants, CDR 1 participants showed slower correct-response RT and more errors in PM trials. This suggests that the PM task was sensitive to the changes in PM functioning due to early-stage AD (from healthy old to early-stage AD) and due to AD progression (from early-stage AD to mild AD). After partialling out the variance explained by the psychometric measures, proportion correct could still discriminate between CDR 0 and 0.5 groups on all but three of the psychometric measures (see Table 3 ). This was also the case for RT in PM trials (see Table 4 ), although it was not as robust as the proportion correct. These suggest that the PM measures are quite robust in the early-stage AD discrimination. It is noteworthy that the AD discriminative power was present even though the education level (as reflected by mean number of years of education) was lower in the current sample (ß6) than those in previous studies (ß14, e.g., McDaniel et al., 2011) . This suggests that the current nonverbal PM task is useful to discriminate the AD severity for older adults with lower education level. Consistent with previous studies (e.g., Duchek et al., 2006) , CDR 0.5 participants performed worse than CDR 0 participants even though they remembered the PM instruction. This suggests their failure to track the target events and spontaneously trigger the intention, despite having intact episodic memory of the intention itself. In other words, the AD-related deficit lies in the prospective, rather than retrospective, component of PM (e.g., McDaniel and Einstein, 2007) . However, it should be noted that after controlling for episodic memory abilities (e.g., ADAS-Cog delayed recall), PM measures no longer reliably discriminated CDR 0.5 versus 0 participants, although the pattern was in the predicted direction. This suggests that the difference in PM between these two groups could still be partially attributed to their differences in episodic memory. The contribution of participants' retrospective memory abilities to their PM performance should be further investigated in the future studies.
The decline in PM performance as a function of AD progression (CDR 1 vs. 0.5) was also in line with previous studies (e.g., Huppert et al., 2000; Blanco-Campal et al., 2009; Thompson et al., 2010; McDaniel et al., 2011; Gao et al., 2013 ) . Our study is limited that not all AD participants had undergone standard neuroimaging protocol for diagnosis. The neuroimaging investigation was determined at the clinical setting and had not constituted part of the present research protocol. In the future studies, it is important to increase the sample size of CDR 1 participants with standard neuroimaging measures and include the full psychometric data in order to test whether the PM measure could discriminate the early-stage versus mild AD after taking into account general cognitive abilities.
Although there are a number of important observations in these data regarding the utility of PM measures in the early detection of AD, there are also some important alternative interpretations that should be considered.
First, one could attribute the effects of earlystage and mild AD on PM performance to the high task demand. Specifically, participants might have failed to pay attention to the color of the peripheral bars, while judging the arrow direction in each trial. However, we found that group differences in PM trials remained significant after partialling out their performance in non-PM trials (RT: F(2,202) = 6.17, MSE = 273,137, η 2 p = 0.06; proportion correct: F(2,232) = 4.87, MSE = .08, η 2 p = 0.04). This shows that the CDR 0.5 and CDR 1 participants' poorer performance in PM trials was unlikely due to their being distracted more by non-PM trials.
Second, because the PM trials were randomly distributed in the PM task, it is possible that CDR 0.5 and CDR 1 participants would have relatively accurate memory for the PM instruction at the beginning of the task but then lost the intention over time as they would be fatigued by the task demands. To examine this possibility, we separately submitted the mean proportion correct and median RT for correct response per 8 PM trials to a 3 (CDR) × 3 (Trial Order: first, second and third 8) mixed-factor ANCOVA. The main effect of CDR was significant (RT: F(2,184) = 14.77, MSE = 1,389,213, η 2 p = 0.14; Proportion correct: F(2,233) = 6.82, MSE = 0.24, η 2 p = 0.06). The CDR × Trial Order interaction was significant in RT, F(4,368) = 11.67, MSE = 503,669, η 2 p = 0.11. None of the other main effects or interactions was significant, all Fs < 1. The absence of an interaction effect including Trial Order in proportion correct suggested that the ADrelated deficit in PM was not due to the fatigue induced by the task demands. The significant interaction in RT showed that individuals with higher AD severity showed greater improvement in their RTs to the PM trials across trial orders, which might merely be due to the floor effect for CDR 0 participants in their RTs. That is, CDR 0 participants might engage in the task more readily than the other groups of participants (see Appendix C available as supplementary material attached to the electronic version of this paper at www. journals.cambridge.org/jid_IPG). In short, the AD effects that we obtained in the PM trials could not be explained by CDR 0.5/1 participants' loss of memory for their intention over time in the task.
Third, because of the number of PM trials (in one-fifth of all trials), one could argue that the current PM task might be like a switching task; that is, participants switched between the two task sets (i.e., to judge the arrow direction and to press the alternative key when the two bars were in same color). Given that previous studies showed significant differences in CDR 0.5 versus 0 individuals' task switching performance (e.g., Hutchison et al., 2010; Tse et al., 2010b) , the current results might also possibly reflect the effects of AD on switching performance. While this possibility could not be completely ruled out in the current findings, we wanted to clarify that we used this amount of PM trials in order to increase the number of observations and in turn, the potential variance in the PM performance across participants, which could make the task more sensitive to detect any differences among the three CDR groups. Future studies should include fewer PM trials (e.g., one-eighth of trials) in the task to further investigate the effect of AD on PM performance.
To conclude, in the current study we have shown that measures from a nonverbal PM task can discriminate the individual who are in the earliest detectable stage of AD (CDR 0.5) from healthy older adults (CDR 0) in Hong Kong Chinese population. These measures showed the discriminative power for CDR 0 versus 0.5 even after taking into account the performance in various psychometric tasks. Previous studies showed that cognitive function based on both MCI and CDR criteria could identify participants who are potentially at-risk for further decline, although they did exhibit some differences in the detection profiles (e.g., Lam et al., 2010) . Hence, future studies should test whether the current results could be generalized when a different criterion is used to classify the participants (e.g., amnestic MCI, see Petersen et al., 2001 , for a review).
Given that PM is highly relevant to older adults' maintaining independence in the early stage of AD in everyday life, future studies should evaluate whether the current PM measures would predict older adults' everyday functioning, as indicated by, e.g., the Chinese version of Comprehensive Assessment of Prospective Memory Questionnaire (e.g., Chan et al., 2010) . Such a measure should provide information about older adults' abilities to engage in basic daily care successfully such as door locking and to achieve certain activities such as bill paying. Even though our task may not be as ecologically valid as the questionnaire data (e.g., Chan et al., 2010) , it is more objective and relies less on participants' self-reported data, which should be interpreted with caution because clinical populations like AD might not be able to report their problems accurately (e.g., Crawford et al., 2006) . Based on the research assistants' reports, older adults were generally positive about this short and easy to administer PM task, even though it was conducted in a computer platform that not all of our older-adult participants were familiar. Nevertheless, the possibility of using this computer task in clinic and community settings (e.g., multiple testing of the patients during consecutive visits) should be further investigated in the future studies. Overall, the current study serves as the first step in the development and validation of the utility of PM measures for detecting the earliest stage of AD in Hong Kong Chinese population.
